Intestinal mantle cell lymphoma characteristically produces multiple polyps, a finding reported as multiple lymphomatous polyposis. The early stages of intestinal mantle cell lymphoma before polyp formation and the pattern of initial lymph node invasion, however, have not been described. We recently encountered two cases of intestinal mantle cell lymphoma in their early development found incidentally associated with advanced colonic adenocarcinoma. We present herein the clinical, histopathological, immunohistochemical, and molecular genetic features of these two cases. In one case, a single polypoid mass was found with invasion limited to mucosa and submucosa of the terminal ileum and without lymph node compromise. In the second case, there were multiple mucosal aggregates of neoplastic cells without formation of polyps. Regional lymph nodes in the latter case showed either partial or complete involvement by lymphoma. In both cases, immunohistochemistry (CD20؉, CD5؉, cyclin D1؉, CD10؊, and CD23؊), and demonstration of clonal immunoglobulin heavy chain and bcl-1 gene rearrangements by PCR analysis confirmed the diagnosis of mantle cell lymphoma.
Colonic adenocarcinoma is one of the most common human neoplasms and is the most frequently diagnosed gastrointestinal malignancy (1) . Conversely, primary gastrointestinal lymphoma is a relatively uncommon neoplasm that is most frequently diagnosed in the stomach and less frequently in the colon (2) . The occurrence of both adenocarcinoma and primary lymphoma in the same digestive organ is a rare event, and only a few cases have been documented (3) (4) (5) .
Mantle cell lymphoma is a well-characterized hematopoietic malignancy. The translocation of the bcl-1 gene on chromosome 11 to chromosome 14, where the immunoglobulin heavy-chain gene resides, is commonly observed in this lymphoma and results in up-regulation of bcl-1 protein expression (6) , and the detection of the t (11;14) by PCR analysis has been used to support its diagnosis (7) . Mantle cell lymphoma usually affects peripheral lymph nodes and is characterized by early dissemination to spleen, bone marrow, and peripheral blood (6) . Although mantle cell lymphoma presenting as a primary gastrointestinal tumor is infrequent, it has been well described in the literature (8, 9) . It either produces multiple intestinal polyps, and the term multiple lymphomatous polyposis has been applied to these characteristic lesions, or it can present as a dominant tumor, often present in the ileocecal region (8 -10) . Recent series have shown that intestinal mantle cell lymphomas tend to present at advanced stages and carry a poor prognosis (10, 11) .
In the present report, we describe the clinicopathologic features of two cases of early primary intestinal mantle cell lymphoma found incidentally in association with advanced colonic adenocarcinoma. malin, and paraffin embedded. Tissue sections were stained with hematoxylin and eosin.
Immunohistochemical staining was performed on paraffin-embedded sections. The reagents used included antibodies against CD3, CD20 (L26), CD5, and cyclin D1 (DAKO, Carpinteria, CA), CD10 and CD23 (Vector, Burlingame, CA), and Ki-67 (MIB-1) (Immunotech, Westbrook, ME). Four-micron-thick sections were sequentially deparaffinized in two changes of xylene (5 minutes each), hydrated in decreasing concentrations of ethanol, and rinsed in deionized water. Endogenous peroxidase was blocked with 3% H 2 O 2 for 4 minutes at room temperature. Sections prepared for CD3, CD20, CD5, CD23, and Ki-67 staining were placed in citrate buffer, pH 6 (Sigma Chemical Company, St. Louis, MO), microwaved for 10 minutes at 50% power (model: EM-1500S, Sanyo, Little Ferry, NJ), and allowed to cool for 15 minutes. Sections for CD10 and cyclin D1 staining were also microwaved for the same time, but high pH target retrieval solution (DAKO) was used instead. Staining was performed on a Ventana 320 immunostainer (Ventana, Tucson, AZ). A biotin-streptavidin detection system was employed, with diaminobenzidine as the chromogen (BioGenex, San Ramon, CA).
The proliferative activity was determined by counting the percentage of ki-67-immunoreactive cells. The most immunoreactive areas were selected, and a minimum of 500 cells was assessed.
Molecular Genetics
PCR analysis was performed to detect clonal rearrangements of the immunoglobulin heavy-chain gene and the t(11;14)(q13;q32) translocation in paraffin-embedded tissue. DNA was extracted from 5-m-thick paraffin sections with xylene, hydrated through graded alcohols, and digested with 60 g/mL proteinase K (Boehringer-Mannheim, Indianapolis, IN) in Tris-HCl buffer (pH 7.5) overnight at 55°C.
Primers for immunoglobulin heavy-chain rearrangements (V H -FR3A-J H ) and primers and probe for the bcl-1 major translocation cluster were as described in Trainor et al. ). PCR products of the bcl-1 translocation amplification were electrophoresed through a 1.75% agarose gel (BRL Ultrapure, Rockville, MO), transferred by vacuum onto nylon membrane, then probed with a 3' tailed dioxygenin (DIG)-labeled oligonucleotide, followed by anti-DIG-AP antibody, visualized using a BCIP/NBT colorimetric method (Boehringer-Mannheim). PCR products of the immunoglobulin heavy-chain gene amplification were electrophoresed through a 4% MetaPhor agarose gel (FMC Bioproducts, Rockland, ME) and visualized by ethidium bromide. A known mantle cell lymphoma sample and a hyperplastic tonsil were used as positive and negative controls, respectively.
RESULTS

Case Histories
Case 1 is a 54 year-old white man with a history of rectal bleeding and anemia. Physical examination was negative for palpable lymphadenopathy. A blood cell count revealed 5800 leukocytes/mm 3 (neutrophils: 66.9%, lymphocytes: 20.2%, monocytes: 7.8%, eosinophils: 3.6%, basophils: 1.5%) and 230,000 platelets/mm 3 . The hemoglobin level was 11.2 g/dL. A colonoscopy revealed a hemorrhagic mass at the hepatic flexure, and a biopsy of the lesion demonstrated adenocarcinoma. A computed tomographic scan showed a few nodules in the liver, suspicious for metastatic adenocarcinoma. Spleen was normal, and no abdominal lymphadenopathy was noted. Consequently, the patient underwent a right hemicolectomy, with liver biopsy confirming metastatic disease. After the surgical pathology report (see later in this article) a bone marrow biopsy was performed that showed no abnormalities, either by microscopy or by flow cytometry. The patient is receiving combination chemotherapy for metastatic adenocarcinoma and is well 6 months after surgery.
Case 2 is a 74-year-old male who had a 2-month history of rectal bleeding and anemia. On physical examination, no superficial palpable adenopathy was noted. A blood cell count revealed 6900 leukocytes/mm 3 (neutrophils: 79.5%, lymphocytes: 9.1%, monocytes: 9.6%, eosinophils: 1.6%, basophils: 0.2%) and 250,000 platelets/mm 3 . The hemoglobin level was 9.8g/dL. Colonoscopy showed a rectal mass that, on biopsy, demonstrated adenocarcinoma. CT scan showed multiple slightly enlarged lymph nodes in the retrocrural and mesenteric region. Spleen and liver were unremarkable. The patient underwent a low anterior resection. After surgery (see pathology report later in this article), a bone marrow biopsy was performed that showed no morphologic evidence of involvement by malignant lymphoma. However, flow cytometric analysis of a bone marrow aspirate revealed minimal involvement by a clonal B-cell population coexpressing CD19 and CD5, suggesting the presence of circulating lymphoma cells. The patient has been well for 4 months after surgery and has completed external radiation therapy for local control of the rectal adenocarcinoma.
Pathologic Findings
Case 1
The resected colon showed two distinct lesions. One 8.0 ϫ 6.0 ϫ 2.0-cm exophytic mass was identified in the ascending colon, 6.0 cm from the distal colonic margin. Microscopic examination of this lesion revealed a moderately differentiated adenocarcinoma invading through the muscularis propria into pericolonic fibroadipose tissue (Fig. 1) . No atypical lymphocytic infiltrate was noted in this area. A separate polypoid lesion measuring 4.0 ϫ 3.0 ϫ 1.0 cm was noted in the terminal ileum. The mass had a homogenous and granular, tan cut surface and histologically was characterized by a vague nodular proliferation of lymphoid cells limited to mucosa and submucosa (Fig. 2) . The atypical smallto medium-sized lymphocytes had irregular nuclei, moderately coarse chromatin, inconspicuous nucleoli, and scant cytoplasm (Fig. 2) . Mitoses were infrequent (Ͻ1 per 10 high power field). Lymphoepithelial lesions were not present, and plasmacytoid differentiation was not identified. No other polypoid lesion was observed. All regional lymph nodes were negative for metastatic adenocarcinoma or obvious lymphomatous involvement. A concurrent liver biopsy showed metastatic colonic adenocarcinoma.
Case 2
The rectum showed a large ulcerating mass that measured 3.0 ϫ 2.5 cm and extended to the muscularis propria. A large necrotic lymph node and additional pericolorectal nodes were also identified. Histologic sections showed a moderately differentiated adenocarcinoma extending through the muscularis propria into pericolonic fibroadipose tissue (Fig. 1) . Surprisingly, sections of the resection margins showed multiple small lymphoid aggregates in the colonic mucosa and submucosa (Fig. 3) . These aggregates, devoid of germinal centers, were comprised of small lymphocytes with slightly irregular nuclei, inconspicuous nucleoli and scant cytoplasm (Fig. 3) . Lymphoepithelial lesions were not identified. In addition, a random section of grossly unremarkable colon, distant from the colonic carcinoma, revealed similar lymphoid infiltrates. The large, necrotic node showed metastatic adenocarcinoma, but nine additional small lymph nodes (Յ0.3 cm) showed either partial or complete involvement by malignant lymphoma (Fig. 4) .
A summary of the main pathologic and clinical findings in these two cases is presented in Table 1 . 
Immunohistochemistry and Molecular Studies
Immunohistochemically, the atypical lymphocytes in both cases were reactive for CD20 and CD5 (Fig. 5) , whereas CD3, CD10, and CD23 were undetectable in the abnormal cells. Cyclin D1 was clearly demonstrated in the atypical nuclei (Fig. 5) , and Ki-67 stain showed a labeling consistent with low proliferative activity of the lymphoma cells in the colon and slightly higher activity in the lymph nodes of Case 2.
PCR analysis performed on the paraffinembedded tissue from the ileum lesion in Case 1 and from the involved lymph nodes in Case 2 revealed both clonal immunoglobulin heavy-chain and bcl-1 gene rearrangements (Fig. 6) . A summary of the main immunohistochemical and molecular analysis findings is presented in Table 2 .
DISCUSSION
The coexistence of primary colonic lymphoma and adenocarcinoma is an extremely uncommon event. To the best of our knowledge, only three case reports have been previously published (3) (4) (5) . In one case, the subtype of lymphoma was reported to be a "large-cell, histiocytic" type, which developed in a 14-year-old boy with IgA deficiency (3). The second case was reported as a non-Hodgkin's lymphoma of the diffuse small-cell type, with plasmacytoid features (5). The third case was a large mass in the terminal ileum reported as "follicular lymphoma of medium-sized cell type" (4) . In all these cases, the cytologic or architectural features were different from those of mantle cell lymphoma. Thus, it would appear that our cases constitute the first report of coexistent colonic mantle cell lymphoma and invasive adenocarcinoma. The diagnosis of mantle cell lymphoma was confirmed by the detection of B-cell clonality, the characteristic coexpression of CD5 and CD20, the expression of cyclin D-1, and the detection of a translocated bcl-1 gene (6) .
The terms multiple lymphomatous polyposis was introduced in 1961 by Cornes to describe malignant lymphoma that presented as multiple polyposis affecting long segment of the gastrointestinal tract (14) . In the original description, multiple lymphomatous polyposis was a heterogenous entity that included both Hodgkin's and non-Hodgkin's lymphoma. Since then, other forms of gastrointestinal lymphoid processes, such as immunoproliferative small-intestinal disease, enteropathy-associated T-cell lymphoma, and nodular lymphoid hyperplasia, have been described (15) (16) (17) . More recent reports of multiple lymphomatoid polyposis describe a less heterogeneous disorder, mostly representing mantle cell lymphoma (8 -11, 18 -20) .
The characteristic clinicopathological features of lymphomatous polyposis are as follows: a male predominance, relatively old age (Ͼ50 years old), and a strong tendency of dissemination throughout the gastrointestinal tract (9, 10, 18, 21) . Moreover, at diagnosis, the involvement of lymph nodes and distant organs, bone marrow, liver, and Waldeyer's ring is frequent (9, 10, 18, 21) . About half of the cases of lymphomatoid polyposis reported had an intestinal mass, mainly at the ileocecal region, which may be the primary site of the disease (11). However, some cases of mantle cell lymphoma exhibit lymphomatous polyposis without a distinct mass lesion in the gastrointestinal tract (9, 10, 18) .
The most salient feature of our cases was the absence of multiple polyposis and/or multifocal gastrointestinal involvement. Instead, in one case, there was a single polypoid mass without disseminated involvement or regional lymph node involvement. In the other case, the mucosa was grossly unremarkable, but there were multiple microscopic foci of lymphomatous infiltrate and partial regional lymph node involvement. In the second case, the colonic mucosa was also considered to be the most likely site of origin despite evidence of multifocality. Arguments supporting this interpretation were that most of the neoplastic load was located in the intestinal mucosa, with only small positive nodes (Յ0.3 cm) and few circulating cells in the bone marrow detected only by flow cytometric analysis.
In both cases, the lymphoma was diagnosed incidentally. In both instances, the invasion of the metastasizing adenocarcinoma was deeper than that of lymphoma, indicating advanced disease and most likely responsible for the rectal bleeding. We also contend that because the two cases show neither the characteristic appearance of classical multiple polyposis nor a dominant mass and, if any, minimal extraintestinal involvement, they most likely represent early phases of intestinal mantle cell lymphoma.
Our findings suggest that early intestinal mantle cell lymphoma may present in at least two different ways. The first type of progression would begin as a single lesion that represents the primary focus of the disease. Dissemination throughout the intestinal tract would then develop only after the solitary lesion reaches a large mass. The second type would demonstrate disseminated multiple mucosal involvement in its early phase, forming nodules that may gradually enlarge to eventually produce typical multiple polyps. Interestingly, in both of our cases, the proliferative activity detected by Ki-67 antibody was rather low, which may be a characteristic of early-phase mantle cell lymphoma. Although it appears that mantle cell lymphomas with low proliferative rates follow a more prolonged clinical course than those with faster growth kinetics, the outcome of patients with these tumors is generally poor (13) .
Intestinal mantle cell lymphoma has been reported to have a strong tendency to involve extraintestinal organs at its presentation (9, 10, 18, 21) . However, these reports were based on observations of cases with fully developed multiple polyposis. Therefore, it has not been clear at which phase of the disease the dissemination occurs. In Case 2, minimal involvement of bone marrow and regional lymph nodes was identified even before the intestinal lesion was clinically evident. These findings suggest that intestinal mantle cell lymphoma may disseminate at its early phases, contrasting with intestinal marginal zone B-cell lymphoma, which, because of the "homing" effect, is essentially localized to the intestinal tract at the time of diagnosis and is slow to disseminate, especially to the bone marrow (22) .
In summary, we report two cases of concurrent primary intestinal mantle cell lymphoma and co- lonic adenocarcinoma. The association of carcinoma and mantle cell lymphoma in these patients was very likely fortuitous. Most interestingly, mantle cell lymphomas, which are usually more advanced and disseminated at diagnosis, were unexpectedly found in what appeared to be early stages of development. Thus, these two cases offered a unique opportunity to identify the initial phases of mantle cell lymphoma and speculate about their progression in the intestine. 
